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Abstract

This study was attempted to express human lactoferrin gene that has importance as a functional
additive in food industry. Lactoferrin has distinctive antibacterial properties. Also, a number of phy -
siological roles have been postulated for the lactoferrin in the modulation of immune and inflamatory
responses and as a growth factor. Since it did not show feasible growth inhibition by antimicrobial
test against HLF, Pichia pastoris was selected the best lactoferrin expression host. HLF expression
plasmid pHIL-SI was integrated into the genomic DNA of P. pastoris GS115. The integration was
confirmed not only with 2.4Kb fragment of HLF gene by PCR(polymerase chain reaction) product,
but also with same size of specific signal by southern blotting. Among the various pichia transformants,
the JY-1 cell showed a positive response for the expression of HLF by the immunoblotting anaysis.
The recombinant HLF protein was started to be secreated at 48hr of culture and reached at the highest

secreation level at 96hr.
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Lactoferrin(LF)S bl A 24 g7 A &3]
A $uld| Hoguke A 2] receptordl] W &
7—‘]‘%1 g 5 AP - AEFAQ BAo] ol yhax
S},
©]% human lactoferrin(HLF)<] -2+ 6817]2] am-
ino acid A7 & H o gl ov] F09] lobe & 3 lobe
9] domain Ate] o= A3} 2 &3} iron siter} A3}
A S Vel E B89 lactoferricing Zhec) A
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F % 2mg/ml o]A+ 2. & £8] == ¥bd guinea-pigtt
mouse, mareel| A+ 0.2~ 2mg/ml, bovine, goatol A+
0.02~0.2mg/ml¥] $& F=Z Eu|"}(5). LFY 13

ZE ¥ 2 ¥ v bovine LF<] amino acid 41<€ 3} human
LF= 9 69%9] A& Heh A RHE) ¥Fol 5
89S of o] LF&A = gho| &lrh. B. A. Wharaton of
o] A bovine LF7} #7149 /-9 2§45 27 2ql
F 24 v AES EAElgch BRE Ml opylddAl=
Enterococci, Coliform, Bacteroides?t 8 ¥ = A
F2 vehd vbd 242 Hql o}y ol Al Bifidobac-
teria, Lactobacilli, Staphylococci®} -2 4 v A&
o] HAE U TH7T). ©] A2 bovine LE7} Al olj ] B-&
2385 AL} o 4 b o] gk A & W3- no)
7l W Aelzta F5H ) ufgfd HLFE fob4
ZAEHR 59 HIMAH 22| o] 4 ®wb op e}l A F A
v AZEAAAREA D AFA 59 B 93 IF
2 ojefate] Fofoll ] FEALEY YA A 4
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7bsAe] Fgstcka Az

2|, HLF & #3384 q v o= digk Y4aks)
&= A 57} o) Fo)x] 3 gt} 1992 Ward -2 Asper-
gillus nidulans°l| 4] alcohol dehydrogenase(alcA) pro-
moter?] 28 2 HLFE bmg/Le] $&7HA) Az}
(8). =¥ A. oryzae| 4] & d-amylase promoter 2 <F
25mg/L2] HLF7} #&d = 21vH9). 1995'd Ward#} Piddi-
ngton< A. awamorioll A 2g/Le] HLFE H&d A1 352
o]+ glucoamylase promotorS ©|-£38kdcH10). 1993
3 Liang3} Richardson< Saccharomyces cerevisiae
o) chelatin promoter$} invertase ¥H]A g-& ]88}
15~20mg/Le AZ§ HLFE d¢lvhz 2 wstgdehl1l).
S. cerevisize| X FAE A2 LF= 247 o=
X HLF®] A +F-& dA A ¢stes HLF= A&
T ARAZY H&ol A7t E Rl Aolgtn 2
Zatgic},

Pichia pastorist ®t4U 2.2 Wg-& o] 43l &
ol wrF &S o] £35S o 1L 100g o4 A
ZTA FEE RYUF HEFA o] A dbdE] glw
A5l o] 17t AFslohs AA el qlvh(12). =’
AOX(alcohol oxidase)l-promoter dhol| 4] £=) st
£ 8 A& o) tumor necrosis factor 8g/L, tetanus
toxin fragment C& 12g/L &2 W s+ 5 2
HEES 2o

£ ATl A A o] 84 ] B2(1314) HLFE
FAFEA 7)€ o] 88 43, A4arslaA}l P. pastoris
system®] AOX1-promoter 3 3lell4] PHO12] £1]4]
35 )43l HLF YA S 75T A 944 Ad&
23 HLF7} Al xgho g o= ydA8A & Adst
3 HLF®] 3 o Ak HES

R

Aot R ABTF

2 E A AL A4 E Boehringer Mannhein Bio-
chemicalAboll 4] 4] 3t4dt}. Oligonucleotide primere
In vitrogenAlel| 4], amino acids, yeast nitrogen base
(YNB), yeast extract, peptone3} glucose 5 wi#] 74
4] ¥-& Difcortell A F<3tsich HLF S} 7]t a3l
719 % % immunoblotting ol AHEH A" Al
SigmaA} A E-& o]-4-3t it 3FY testoll A HAF L
2 AH4-E 4% ¢35 = Table 19 21 E. coli ToplOF
(F'proAB, lacl®, lacZAMI15, Tnl(Tet®)) mera, A
(mrr-hsd RMS-mcrBC), 80lacZAMI15, AlacX74,
deoR, recAl, ara D139, A(ara-leu) 7697, galU, galK,

Table 1. Test organisms used for measurement of an-
tibacterial activity

Type Strain Medium cultured
Gram negative| Bacillus subtilis Luria—bertani
bacteria ATCC6633 medium(LB)
Gram positive | Escherichia coli Luria-bertani
bacteria ATCC1129 medium(LB)
Saccharomyces Yeast extract

cerevisiae peptone dextrose

ATCC1199 medium(YEPD)

Yeast
.. . Yeast extract
Pichia pastoris

(in vitrogen) peptone dextrose

medium(YEPD)

Fungi Aspergillus oryzae| Potato dextrose

& ATCC1699 medium(PDA)

rpsL(Str™), end Al, nupG )3} Pichia pastoris GS115
(Mut"his4)7} B A4 el AH4-5 %132 pHILS1(5'AOX1
promoter, HIS4 ORF ColE origin, Ap’)vector In
vitrogenAholl 4] T4l 811 =H(Table 1).

HLFZsoff 38t host MY

LF®] 873 7 52 Wakabayashi®} Bellamy$] ¥
ol wteh A A S eH15). E A el A HA TS
Table 1ol A A%t ule} 231 3 w2 ¢1o] LFE 241
paper discE A3l vkt & Ewige] YA
Fslglch 28T LFo) tisled 233 Mol #3
£ SFA 22 83kt

Pichia pastorisoll g&&E

HLF cDNA~7} £A3}+= E. coli DH 5a(pRL100)%}
vector® AH4-9 E. coli ToplO(pHILS1)-S vl ekdl ¥
Birnboim¥ Doly, Ish-Horowic$} Burke$] ¥ 3 ¥ 1}
Holl @} DNAE A A3l ©}H16). pRL100- A&
& Xhol& A3}y Xholo 2 we] x2]% pHILS1+
ligationd}ed HLF & plasmidE A &8t o} (Fig. 1).

P. pastorisE YPDulR] ol A 30°Ce] Ao 2 2
< Rt F AES FEusld s AEFER plasmid
DNAE Sall2.2 sl %54 E 100ng=} DNA 10
ng€ £33t Chang 59 ¥ ol e} 1500 voltoll A
electrophoration&}¢] th. Al € vl 2] £+ RDB(Regener-
ation Dextrose medium, 1M sorbitol, 196 dextrose, 1.34
9% YNB, 4X107% biotin, 0.005% amino acid(without
histidine))E ©]-£3% 2 controlZ4 & RDBH(RDB,
0.004% hisidine) & °]-43tdth F4 = colonyE MD
(Minimal Dextrose medium, 1.34% YNB, 4X107% bi
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Fig. 1. Schematic diagram of expression vector, pHIL—
SIL
A fragment containing HLF gene from HLF cDNA li-
brary was inserted into plasmid pRL194 expression
vector, pHILS1 was used for the expression including
PHOI secretion signal.

otin, 196 dextrose)} MM(Minimal Methanol medium,
1.34% YNB, 4% 107%% biotin, 0.5% methanol)#} =] il
Z+7} replica platingdte] MM ® x| ol 4] 18417 ol
ZA}3}+= colonyE His'Mut’ (Histidine prototroph, me-
thanol utilizing)2 413l t}.

PCR

HAADAD Pichia® genomic DNAS Ausubel &
(17¢] Wyl wal A A ST inset DNAE Fals}r]
#3f pHIL SI# wild typeol &3t AOX1(alcohol
oxidase) gene ¥#-& t}-&2] primerE ©]4-3l<3 PCR
< A A sl

3’'AO0X 1 5'GACTGGTTCCAATTGACAAGC3’

5'A0X 1 5’GCAAATGGCATTCTGACATCCS3’

Southern blot

Probe pRL100°1 A4 2.3Kb2] HLFA#H & o] 43}
t}. Southern(18)2] wH ol u}e} 5719] P g o of
¥ southern blot3}gd t}. ¥-$-¢] £+t Nylon membrane
<& NBT$} X-phosphate2 2 A7) 2 24 selslelch

Immunoblotting

HLF*l %} immunoblotting2- $]§} polyclonal an-
tibody$} 22} antibody?) peroxidase® SigmaAlell 4]
T35 Bio-RadA}2] PVDF membrane(0.2um)-&

Abg-ste] FAAA vl kA S 100 5537 AL 1000
4 23 dot blottingg A A8t}

HLFe| Wl

HLF9] 2&-& 9138 BMGY(1% yeast extract, 2%
peptone, 1.34% YNB, 4% 10°%, biotin, 100mM potas-
sium phosphate(pH 6.0), 1% glycerol) 25mlell 2 &
QF 28~30°C, 250rpme] =7 ollA] vheFst 1 pelletit BM-
MY(1% yeast extract, 2% peptone, 1.34%6 YNB, 4 X
107% biotin, 100mM potassium phosphate(pH 6.0),
0.5% methanol)ol| 4] t}A] wheFalwd A} 2441 7F wie}
Z ¥57}05%7} ¥ %2 100% methanolS 37}t S
it} 24X 7} vl wj kb & 3] a}e] whalal of oF& v
23bg 3 7H B Al g 2ulste A17he wi ek
£ Centriprep?} Centricon2- ©]-4-3t¢] 53315 ch SDS-
Polyacrylamide gel electrophoresist Laemmli®] H
# (19)oll w2} A X819 2 gel2 Coomassie blueZ. 4
A3l et

,0

Zu o o

Host2] A8 & ¢)3sle] 57179 4 4 AAA =&
LFol} &t & test® 3 A3 Fig. 20141 ¢ o] A
oryzae, P. pastoris 18 3L S. cerevisiaedl o a4 4t
xgH-g wydrh o] A2 LFE W& A7)7] 9§
32 AYPEQ AR FE& 014 5 Utk
A& sl £ A7 oA+ alcohol oxidase(AOX)

Kon! ‘ ]
St
i A e )\

{Vector:lgtlL

PCR wlztshb“} gtll&)evgse) Sacl
and s- forward)primer ;{:chNA polymerase

Haell Accl

Fig. 2. Antibacterial effect of lactoferrin against various
microorganisms lactoferrin was digested with
3% pepsin(10unit/mt) at 37°C for 4hrs.
A Escherichia coli, B: Bacillus subtilis, C: Pichia pa-
storis, D: Saccaromyces cerevisae, E: Aspergillus
oryzae
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promoterZ o]4% 4 9l methanol AHFAE 2+
P. pastoris® & £FAE24 AE3gcHFig. 2).

HLF9] subcloning®ll ©1-4-% pRL1005} pHILS19] -
2 77} Fig. 19 vebl vlel 2}, pRL100-S- HLF
A Ho] 9]+ pRL1M vector 248 A5 %12 vector
2 0] 43 pHILS1-> AOX promoter &4 3}oll 5A0XI
primer site, 3'AOXI primer site”} £ 3}9 PHO1 ¥
8] 41 £(S), HIS4 ORF gene 522 74 =<} glc}. P-
HO18} ¥u|Al3e 22719 ofv|ate g FAE 9l
o0 o\ At A F Bu|AlE wkx]| 9} opn] eAke] Ala
o} HLF2) R A o}m| 224kl Arg Abo] ol A Hwhs] o
= Aoz AN (Fig. 2).

Expression vector® A& 4 Salle.Z 323}
Pichia 4 4| DNAY] his4 $] 2] ol integration] 7] ¥
ol chromosome?] his49} vector®] his4 AFe]el A |
23] dolt == 34t P. pastoris GS115 Al Z.ol
2 A ghsle] YA colonyE MD2F MM =] 25
ol &8l MM ul| %] ol HZ%F colony”| Z5F 184 7F
el ZA)sledt}. o} A2 A HisMut'Z FAo] Agt
2 ¢L-¢ #alsledth His'Mut' 2 32 A 83 colony
Zoj| 4 HLF®)] Pichia®) < A DNAd integrations]
AeA 28l Mut” FUAE &A3r] #8) FAOXIL
primer$} 5AOXI1 primerE ©]43l¢] PCR& AHAI%
A3} 5709 FAAFA s} AEE vk Fig. 3el4< 2.3
Kb¢} 25Kbell 4] PCR product’} 4= 9l 2.3Kb
+ HLF DNA size®] 32 2.5Kb+ wild type2} AOX1 gene
size(2.2Kb)¢} pHILS12] PCR product size(250bp)E-
3 gtoltt. 2, 3,5, 8, 11l A & 22 709 band &
galsled =%} His'Mut type®l =, transformants&
zZvzZy JY-1, 2, 3, 4, 58t "9 sisich

HLF ¢33} Pichia®] |94 A DNA| muiltiple co

M1 23 456 78 910 1112 M

Fig. 3. Screening of transformants including HLF gene
through polymerase chain reaction(PCR).
Lane M is 1Kb ladder, 1 to 12 are primarily selected
re—combinants. Lane 2, 3, 5, 8 and 11 show HLF gene
out of Pichia chromosomal DNA by digestion.

(A) (B)

Fig. 4. Agarose gel electrophoresis of various transfor-
mants of Pichia pastoris cleavaged by Xhol(A).
Southern blot analysis of Pichia transforman-
ts(B).

Lane 1 is the size marker of 1Kb; 2, JY-1; 3, JY-2;
4, JY-3; 5, JY-4; 6, JY-5.

Fig. 5. Immunoblotting(dot blot) of various transfor-
mants.
Upper lane indicate transformants of JY-1, JY-2, JY
-3, JY-4, and JY-5. And lower lane reveal HLF
protein standard, respectively, Opg/ul, 10ng/ul, 25ug/
ul, 75ug/ul, 200ug/ul.

Fig. 6. SDS~-PAGE of human lactoferrin expressed by
the culture of Pichia JY-1.
Lane 1, middle range molecular weight marker,
Lane 2 is culture filtrates of each following cultures;
lane 2, 24hrs; lane 3, 48hrs; lane 4, 72hrs; lane 5, 96hrs;
lane 6, 120hrs; lane 7, Commercial HLF protein.

pyE integration® colonyZ 41 3}7] ¢3}lo] PCRel
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Ay d-& 5719 colonyell ™ &) southern blot-& A A&k
7ZA-& Fig. 49} 72}, o] A5} JY-1, 2¢|4 & B2l o]
3tef vhas 743 band & vrehd 224 A 23 HLF DNA
7} P. pastoris®] genomic DNA® integration® S5
38 4 ddoh
ol & FAAFA (Y-, JY-2, JY-3, JY-4, JY-5)l
&t HLFS] A& 2ALsb7] $ &) zh2he] wid &
109} A = =33} immunoblotting?] dot blot-& A
A3t v} Dot blot 2} Fig. 59 zke] JY-1414 7}3
FS 1S Byon o] AuE Jy-lelA L <k
HLF7} 489 o2 Azt o] JY-1-2 12047 s ok
3t 24417k wle} vl of oy &) A58 553 o5 SDS-
PAGEE ¥ Z & Fig. 63} 23t} Control X A &
HLF9} f-AH&E of 76KDa®] 13 ol A band?t A4 ==
Ze] &]l=]gl.om 964 2kl A 714 w-& HLFS]
Ao Fu|= i} Aol 4] £9)5 &= HLF 993 =27]
£ 78KDao 2 4# A 9l o} Pichig: $FA L2
A Z-& v & 75KDao] A A& AT BE Ao
& ) Aol oA 71Q)E = AL 2 A" o] &
TFE 7] A GO 2 Pichigo) A & HLFw
2 9] serine, threonine, arginine oA dejtE gly-
cosylation®] A s} £/ & A s FTAF ofr
AHE2] 4] (post—translatlonal modification)5& A

o & Holch

[@) ok
pri =

WY HA, Fa4 59 7158 v AEHIER
Ag o -’]5‘—3}"4 AH-4-5 = human lactofemnra:
A YA Lol A2 Wa-E A =slsde) 4, ST L
o] & lactoferrinel] tste] P-&-2] ) 7} ¢l host celM]
lactoferrin F31 218 ¥+& A] 7] 22} lactoferrinel] o™ &t
S8 & A3 A3 Pichia pastorise= A%A 8%
o 2 7] ¢Fo} o] Z lactoferrin MAHFF 2 A4 5+ th.
PichiaE 552 3= pHIL-SI expression vectorel] lac-
toferrin F+AAHE 41 3}31& o genomic DNAS] #-
A7} integration® vk, &, transformant JY-1, JY~
2+ PCR(polymerase chain reaction)® southern blot-
tingell 2])3te] 2.4Kb2] =27)2) HLF(human lactoferrin)
AR A= 9 S-& gHel st o) $-3 A e e A
23} A} transformant JY-1+ immunoblottingl} £
8}ed lactoferrin A P4H-e- Helsled ), v oFA| kel
w2 HLF] A4Hd & Aot A3} 4842k o] Fol) 75
KDa®] HLFZ#¥de] Fu]g-& gqlsldct
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